Maize (Zea mays L.) is a major crop on the Loess Plateau, and calculating the ratio of transpiration to evapotranspiration (T/ET) of maize is important for estimating field water balance. In this study, the sap flow method was adopted to measure transpiration (T) characteristics of maize. In order to calibrate the sap flow gauge, the sap flow rate was compared to the leaf T determined by the weighing method. The sap flow value was measured per hour for 3 days and the mean of the hourly values for each day was taken as the daily value to avoid the influence of hydraulic capacitance.
INTRODUCTION
Crop transpiration (T) is an important component of plantsoil-atmospheric water cycling. Maize (Zea mays L.) is a major crop on the Loess Plateau, a semiarid region in northwestern China. The main factors influencing crop production in the region are limited precipitation and high evaporation (E) (Zhou et al. ) . Studying the evapotranspiration (ET) and T of maize is essential for optimizing crop water management in the region (Kang et al. ) .
Determination of the T/ET is of importance in refining the calculation of field water balance, analyzing the crop water use efficiency (WUE) of crops, and evaluating the crop production potential of precipitation (Kang et al. ) . However, E and T occur simultaneously, and it is difficult to separate the two processes. Researchers determine E from measurements taken by mini-or micro-lysimeters (Flumignan et al. ), or using models (Sutanto et al. ) for this calculation. However, measurements taken by mini-or micro-lysimeters that are positioned between crop rows to calculate T indirectly have limitations (Lv et al. ) . For instance, the use of the mini-lysimeters is affected by rainfall and the device gives a declining rate of soil moisture in its use.
In this study, we use the sap flow method to obtain crop T directly. This method was developed by Vieweg & Ziegler () and improved by Cermak et al. (, ) , Sakuratani (, ), and Baker & Van Bavel () . The method has substantial advantages over other techniques (Smith & Allen ) . Comparatively, the sap flow method may give rise to very little disturbance and is able to reveal the time course of actual water loss without any noticeable time delay (Sakuratani ) . 
MATERIALS AND METHODS

Site description
The field study was conducted in 2012 at the Changwu The soil has gravimetric field water holding capacity of 20% ± 2 and gravimetric permanent wilting coefficient of 6% ± 2. 
Measurements and data calculation
Transpiration (T)
The T (g h À1 ) was determined by recording the weight loss in the pot experiment at 1 h intervals with an electronic balance that was accurate to 1.0 g.
Sap flow
The sap flow (g h À1 ) was measured by the sap flow gauge.
The sap flow system used in this study was a commercially available Flow32-1 K (Dynamax, Houston, USA), and the gauge signals were recorded using a CR1000 Datalogger, including PC400 data logger support software that was programmed to measure at 15 sec intervals and to store the average values over 1 h periods. The sensor type is SGB25 in this study.
Sensors were installed at the second internode above the roots on healthy plants (without grafts or scars). The leaf at this point had previously been detached from each plant. Plastic film was placed where the gauge was installed to avoid stem T; silicon film was placed at the contact between the stem and the sensor to improve the thermal exchange between them.
The sensor thermocouples faced north. Aluminum film was placed on the gauges to protect them from rainfall, dew and solar radiation. The sensors were mounted on different plants every 7 days to prevent plant desiccation resulting from the heating of the sensor (Kjelgaard et al. ) .
The sap flow gauge was installed to measure the sap flow of maize plants in the same period and under the same soil moisture conditions to identify differences among sensors, and these differences were not significant. Therefore, the error in this study was caused by factors other than the sensors. 
Evapotranspiration
The ET (mm) was determined by the following formula (Liu ):
where ΔW is soil water depletion (mm) between planting and harvesting in a 0-300 cm soil layer, and P is the precipitation (mm) during the crop growing season. ET is the sum of soil evaporation (E) and crop transpiration (T). Since the plots are flat and surrounded by ridges, the groundwater is deep, and the surface runoff and deep drainage are usually neglected.
LAI measurement
Leaf area was calculated by multiplying the manually measured length and maximal width of leaves with a shape factor, k, empirically determined to be 0. were taken approximately every 5 days.
Soil moisture content
The dynamic change of the gravitational soil moisture content (%) was determined using a neutron moisture meter (CNC503B). There were three neutron probe tubes evenly distributed in the field. The water content in the soil profile was determined at 10 cm intervals down to 100 cm and at 20 cm intervals from 100 to 300 cm. The measurements
were taken approximately every 5 days during the maize growing season.
Water use efficiency
and WUE ET (g kg À1 ) were calculated by the formulas:
where Y is grain yield (kg ha À1 ), T is transpiration (mm), ET is evapotranspiration (mm), and 0.1 is the conversion coefficient of the WUE unit from kg ha À1 mm À1 to g kg À1 .
Shoot biomass, yield, and harvest index
At maturity, shoot biomass (kg ha À1 ) and grain yield (kg ha À1 ) were determined by harvesting plants. And all of the samples were dried to a constant weight by air drying. The harvest index (%) was calculated as the air dry grain yield divided by the total above-ground biomass at maturity.
Meteorological data
The meteorological data were collected at the Changwu automatic meteorological monitoring station situated within 50 m of the experimental field.
Statistical analyses
The sap flow rates measured in the field were calibrated by the regression equations obtained in the pot experiment. The means and standard deviations of all of the analyzed variables were calculated. The statistical significance of any identified differences was analyzed with a significance threshold of p < 0.01. The statistical analyses were performed using SPSS 13.0.
RESULTS
Calibration of the sap flow gauge
The daily weight loss of the potted maize and the sap flow are presented in Figure 2 . There was a tendency for the sap flow values to overestimate the actual flow data measured by the weighing method, emphasizing the importance of testing the accuracy of the method before using it to quantify T.
The measured weight losses and the corresponding sap flow calculated according to the sap flow gauge of the potted maize did not always match on an hourly basis. This is because maize plants showed hydraulic capacitance during transpiration when water transported from roots to leaves to atmosphere. In the morning, atmospheric evaporation increased, and leaf T rose. But around noon, leaf T was lower than the sap flow transported to leaf, leaf water potential decreased, and plant water outflowed. In the afternoon, atmospheric evaporation reduced, leaf T was higher than the sap flow, and plant water inflowed.
Thus, in order to avoid hydraulic capacitance influence, the value was measured per hour for 3 days and the daily value was calculated as an hourly mean value for each day. There was a good linear relationship between sap flow and weight loss, so that an equation for correcting measured sap flow rates was determined using linear to change the unit of T from 'g ha À1 ' to 'mm'. The daily mean ET was 2.6 mm and the daily mean T was 1.6 mm.
From silking to maturity, T/ET decreased by 27.6% and the average was 63.3%.
The relationship between the T/ET and LAI 
Grain yield and WUE
Transpiration (T) is mainly used for plant growth. The WUE T was 3.2 g kg À1 , while the WUE ET was 1.7 g kg
À1
( Table 1 ). The T/ET of the whole growth period was 53%. The T in early season which could not be measured by the sap flow gauge was calculated by the equation in Figure 5 . showed that E/ET ¼ 86.616e
, R 2 ¼ 0.93. 
CONCLUSION
In this study, we measured the T characteristics of maize showed that T/ET was 63.3% from July to September, and 53% in the whole growth period. The relationship of T/ET and LAI was linear.
It was found that E was high in the early age of maize. It is necessary to restrict water loss from E, and increase T by taking adaptive measures, such as film mulching. The measures could increase LAI, improve soil water storage and water use dynamics, improve precipitation use efficiency and optimize field water management.
